Abstract.-Theory of transport properties of structurally disordered systems is formulated based on the tight binding model. The expressions for the conductivity tensors including nonorthogonality of atomic orbitals are given in quite general form with some numerical work. The extension of EMA to the electronic transport is made, and its application to liquid transition metals is discussed.
INTRODUCTION
Theoretical approaches to the electronic properties of structurally dkordered systems have achieved considerable progress in recent years, some of which were already reported at the last Conference.
Among others the effective medium approximation (EM) is now established as the best single site theory for the electronic density of states and successfully applied to liquid nonsimple metals. 1~2
As for the transport properties of non-simple metals, however, we are still in a stage where fundamental theoretical studies are still required.
As a first step tward this, we extended the theory by Ishida and Yonezawa 3 , which is known as a suitable first order approximation to EHA, to the calculation of the electronic transport coefficient based on the tight binding m0de1.~'~ j 6
The present study is the continuation of our previous work. First we treat the problem of the nonorthogonality of atomic orbitals. By noting that for spherical orbital h-is written as The dc c o n d u c t i v i t y t e n s o r CXx i s given by t h e
Kubo formula
BY using (2-2)-(2-8), we can s e e t h a t eq. (2-9)
I> (2-lob) where
and we have taken t h e atomic l e v e l a s z e r o of energy.
Eqs. (2-10) a r e q u i t e g e n e r a l e x p r e s s i o n of t h e c o n d u c t i v i t y t e n s o r , and i t i s c l e a r t h a t we can perform t h e c a l c u l a t i o n i n p a r a l l e l w i t h t h e orthogonal c a s e by r e p l a c i n g t by t -E-S b o t h i n G(z) and y .

When t h e magnetic f i e l d i s a p p l i e d t h e calcul a t i o n i s more complicated, but we can start w i t h t h e more g e n e r a l formula of t h e c o n d u c t i v i t y t e n s o r Then t h e c a l c u l a t i o n goes almost i n t h e same way a s i n t h e c a s e of t h e dc c o n d u c t i v i t y , and we have
where
. APPLICATION TO I Y THEORY
The a p p l i c a t i o n of t h e formulae ,(2-10a,b) and (2-13a,b) t o any s p e c i f i c theory can be performed i n p a r a l l e l w i t h t h e orthogonal case. Here we show t h e r e s u l t s of t h e I Y theorv. The H a l l conduc1213m t i v i t y , otl = a x y /~ , i s c a l c u l a t e d l i n e a r i n t h e magnetic f i e l d Ii based on t h e P e i e r l s approxi-
mation. The c a l c u l a t i o n i s p r e t t y complicated compared w i t h t h e orthogonal case, but t h e r e s u l t i s q u i t e s i m i l a r a p a r t from t h e small c o r r e c t i o n term o H ( l ) .
I n t h e f i g u r e 1 t h e numerical r e s u l t s of t h e dc For a s e t of parameters chosen h e r e t h e e f f e c t of nonorthogonality i s n o t s o l a r g e , b u t we s e e t h a t t h e e f f e c t i s l a r g e r f o r l a r g e r v a l u e s of I E I .
T h i s i s because t h e d e v i a t i o n of t h e " e f f e c t i v e "
t r a n s f e r , It-E-S, from t h e t r u e t r a n s f e r ti becones l a r g e r .
Therfore t h i s tendency i s t h e g e n e r a l behaviour independent of t h e approximation and w i l l b e important t o understand 
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JOURNAL DE PHYSIQUE t r a n s p o r t c o e f f i c i e n t s o f , s a y , l i q u i d t r a n s i t i o n m e t a l s o r l i q u i d a l l o y s . The e f f e c t is a l s o v e r y important f o r t h e l i q u i d d i v a l e n t m e t a l s n e a r t h e c r i t i c a l region such a s expanded 'tig because t h e
Fermi energy i s f a r from both atomic l e v e l s .
We a l s o n o t e t h a t t h e e f f e c t i s l a r g e r f o r t h e RaL1 e f f e c t . T h i s i s mainly due t o t h e d i f f e r e n c e between t h e powers of t h e c u r r e n t d T ( k ,~) / d k and t h e s p e c t r a l f u n c t i o n -l/~IrnG(k,E ) appeared i n eqs. (3-1) and (3-2b). Therefore we can conclude t h a t t h e nonorthogonality may be important f o r t h e H a l l e f f e c t even when i t has l i t t l e e f f e c t on t h e o t h e r e l e c t r o n i c p r o p e r t i e s .
CALCULATION OF CONDUCTIVITY TENSOR I N EMA
For s i m p l i c i t y we a g a i n r e t u r n t o t h e orthogonal o r b i t a l model. The extension t o t h e nonorthogonal case i s q u i t e s t r a i g h t f o r w a r d . For i l l u s t r a t i o n , t h e f o u r t h o r d e r term of t h e p e r t u r b a t i o n expansion of eq. (2.10) i s represented diagrammatically i n t h e f i g u r e 2. The t e r m s a r e summed up by t h e diagram equation i n t h e f i g u r e 3. These a r e w r i t t e n a s + + [ G (~z~) G (~z~) -G~( z~) G~(~~) l A ( k ; z 1~2 ) ( 4 -2 )
+ +
The renormalized c u r r e n t A(k,zl,z2) i s obtained
from (4-2) by i t e r a t i o n ; t h e l a b o r r e q u i r e d i s n o t beyond t h a t f o r t h e s e l f energy. The importance of t h e s e equations i s t h a t they a r e c o n s i s t e n t w i t h t h e c a l c u l a t i o n of o n e -p a r t i c l e Green f u n c t i o n and do n o t v i o l a t e t h e Ward i d e n t i t y .
The most n o t a b l e Figure 2 . The i l l u s t r a t i o n of t h e c a l c u l a t i o n of E(z1,z2) Figure 3 . Diagrammatic r e p r e s e n t a t i o n of t h e i n t e g r a l equations (4-1) and (4-2).
d i f f e r e n c e between t h e I Y theory and EMA i s t h a t i n t h e l a t t e r theory t h e v e r t e x c o r r e c t i o n s do n o t
v a n i s h even i n t h e c a s e of s i n g l e s-band s o t h e r e l a x a t i o n time f o r t h e t r a n s p o r t h a s d i f f e r e n t v a l u e from t h e ordinary r e l a x a t i o n time.
We have formulated t h e t h e o r y w i t h i n s i n g l e sband f o r s i m p l i c i t y , b u t t h e e x t e n s i o n t o t h e multiband c a s e i s s t r a i g h t f o r w a r d .
APPLICATION TO LIQUID TRANSITIOIJ IiETALS
We d e a l w i t h t h e following model Hamiltonian t o d e s c r i b e l i q u i d t r a n s i t i o n m e t a l s i n which n e a r l y f r e e s -e l e c t r o n s and t i g h t l y bound d-electrons a r e i n t e r a c t i n g through mixing e f f e c t ;
For s i m p l i c i t y we a s s h e only s i n g l e non-degenerate t i g h t binding band which we c a l l h e r e a f t e r a s "dband" f o r convenience. We f u r t h e r assume t h a t where we have introduced t h e following n o t a t i o n s The e s s e n t i a l p o i n t i s t h e i n t r o d u c t i o n of t h e " e f f e c t i v e t r a n s f e r " tS ; t h e t r a n s f e r process d + s + d i s t r e a t e d a s renormalized t r a n s f e r process (5-5c) W e can apply t h e r e s u l t s of t h e l a s t s e c t i o n t o t h e c a l c u l a t i o n of (5-5a,b,c).
The r e s u l t s a r e
~~~( z~z~)
= p-'j($3<kl~lk>Gs(k~1)Gs(kz2)<kl~~k> W e n o t e h e r e t h a t t h e s a t i s f a c t o r y r e s u l t s a r e n o t obtained except by E1.U f o r two reasons.
F i r s t t h e divergence of t h e c o n d u c t i v i t y a r i s i n g
from t h e unperturbed term G;(k,z) i n $? kk(z) can n o t b e t r e a t e d reasonably u n l e s s t h e c u r r e n t p a r t is p r o p e r l y renormalized. Secondly t h e v e r t e x corr e c t i o n s play a n important r o l e f o r s -e l e c t r o n s , a s w e l l known from Ziman formula. His t r e a t m e n t i s e q u i v a l l e n t t o t a k e t h e l a d d e r of d o t t e d h -l i n e i n t h e c a l c u l a t i o n of t h e v e r t e x c o r r e c t i o n , t h e r e f o r e t h e t r e a t m e n t by ~14A'is adequate f o r s -e l e c t r o n s .
